Abstract 



The Weinberg- Tucker-Hammer equations are shown to substitute the common- 
used j = 1 massless equations. Meantime, the old equations preserve their signifi- 
cance as a particular case. 

Possible consequences are discussed. 
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The attractive Weinberg's 2(2 j + 1) component formalism for a description of 
higher spin particles Jl| lately got developed significantly in connection with the 
recent works of Dr. D.V. Ahluwalia et al., ref. [f|-[0, and with the papers 0-[§. 

The main equation in this formalism, which had been proposed in ref. Jl|], is[] 



4 = 0, (i; 



of the u 2f order in the momentum, p^. = —id/dx^, m is a particle mass. The 
analogues of the Dirac 7- matrices are 2(2j + 1) <g> 2(2j + 1) matrices which also have 
"2j" vectorial indices, ref. ||. 

For the moment I have to repeat the previous results. The equations (4.19,4.20), 
or equivalent to them Eqs. (4.21,4.22), presented in ref. [lb,p.B888] and in many 
other publications: 

V x [E-iB] +i(d/dt) [E-zB] = 0, (4.21) 

V x [E + zB] — i(d/dt) [E + z'B] = 0, (4.22) 

are found in ref. @ to have acausal solutions. Apart from the correct dispersion 
relations E = ±p one has a wrong dispersion relation E = 0. The origin of this fact 
is the same to the problem of the "relativistic cockroach nest" of Moshinsky and Del 
Sol, ref. II 10]. On the other hand, "the m — > limit of Joos-Weinberg finite-mass 



wave equations, Eq. ffi), satisfied by (j, 0) © (0,j) covariant spinors, ref. ||/ ; are 
free from all kinematic acausality. " The same authors (Dr. D. V. Ahluwalia and 
his collaborators) proposed the Bargmann-Wightman-Wigner-type quantum field 
theory, "in which bosons and antibosons have opposite relative intrinsic parities", 
ref. [|J. This .Dzrac-like modification of the Weinberg theory is an excellent example 
of combining the Lorentz and the dual transformations. In ref. || I concern with 
the connection between antisymmetric tensor field models, e. g. refs. [IT, and 



the equations considered by Weinberg (and by Hammer and Tucker [13| in a slightly 
different form) . In the case of the choice?] 

the equivalence of the Weinberg- Tucker-Hammer approach and the Proca approachP] 
has been found. The necessity of a consideration of another equation (the Weinberg 
"double" )| was point out. In fact it is the equation for the antisymmetric tensor 
dual to F^, which had also been considered earlier, e. g. ref. ||17|| . In the paper || 



the Weinberg fields were shown to describe the particle with transversal components 
(i. e., of spin j = 1) as opposed to conclusions of refs. |1J], [12| and of the previous 



ones. The origins of contradictions with the Weinberg theorem (B — A — A), which 

1 See for discussions on the needed modifications of this formalism refs. 0j-|H] and what follows. 

2 My earlier attempts to give a potential interpretation of the -0 were not successful, ref. |l4| . 

3 I mean the equations for F^, the antisymmetric field tensor, e. g., Eqs. (3) and (4) in [g] or 
Eq. (A4) in [15b] which corresponds to a parity conjugated wave function. 

4 It is useful to compare the method applied in the papers |5| with the way of deriving the 
Dirac equation by Dr. P. A. M. Dirac himself, ref. Jl6[. 
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have been met in the old works (of both mine and others), have been clarified. The 
causal propagator of the Weinberg theory has been proposed in ref. . Its remark- 
able feature is a presence of four terms. This fact is explained in my forthcoming 
paper @. 

For the moment I am going to consider the question, under what conditions the 
Weinberg- Tucker-Hammer j = 1 equations can be transformed to Eqs. (4.21) and 
(4.22) of ref. [lb] ? By using the interpretation of tp, Eq. (0), and the explicit form 
of the Barut-Muzinich- Williams matrices, ref. 0, I am able to recast the j = 1 
Tucker-Hammer equation 

l^uP^Pu + P^Pv + 2m2 4> = o, (3) 

which is free of tachyonic solutions, or the Proca equation, Eq. (3) in ref. |J , to the 
formFf[] 

m 2 E 1 d 2 Ej d dB k d dEj 

c 2 dt 2 ljh dxj dt dxi dxj ' 



m 2 B t = l c lK 9 9Ek I ^ 9 9Bj . (5) 
c 2 13 dxj dt dx 2 dxi dxj ' 



The D'Alembert equation (the Klein-Gordon equation in the momentum represen- 
tation indeed) 

/ 1 d 2 8 2 ^ 



^ c 2 dt 2 dx 2 



= -m'F^ (6) 



is implied, ref. ||. 

Restricting ourselves by the consideration of the j = 1 massless case we are able 
to re-write them to the following form: 



— curl~B + graddiv~E 2^2" = ^' (^) 



d 1 d 2 E 
— curl B + or ad div E -— — 

dt c 2 dt 

1 d 

V 2 B - graddivB + ——curlE = 0. 

c 2 dt 



Let me consider the first equation (0). We can satisfy it provided that 

1 <9E 

p e = div E = const x J = curl B = const t . (9) 

c 2 dt 

However, this is a particular case only. Let me mention that the equation 

dJ 

— = -gradp e (10) 

follows from (|7|) provided that J and p e are defined as in Eq. (B|). 

5 I restored c, the light velocity, at the terms. 

6 The reader can recover the dual equations from Eqs. (10) or (12) of ref. M without any 
problems. 
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Now I need to take relations of vector algebra in mind: 

curl cur/X = graddiv~K — V 2 X, (11) 

where X is an arbitrary vector. Recasting Eq. (|7p and taking the D'Alembert 
equation (||) in mind one can achieve in the general case 

<9B 

3' = — + curlE = gradx', (12) 

in order to satisfy the recasted equation (^): 

curl J' = 0. (13) 

The second equation (Q) yields 

1 <9E 

J = curl's 7:-^- = qrady (14) 

c 2 v ; 

(in order to satisfy curl J = 0). After adding and subtracting -^<9 2 B/<9i 2 one can 
obtain 

<9B 

p m = div B = const x + curl E = const t , (15) 

provided that 

V*B-i^0 (!«) 

(i. e. again the D'Alembert equation taken in account). The set of equations 
(|15D, with the constants are chosen to be zero, are "an identity satisfied by certain 
space-time derivatives of F^ u . . . , namelyf\ 

BF BF BF 

Bx a Bx^ Bx v 

However, it is also a particular case. Again, the general solution is 

1 83' 



c 2 Bt 



gradp m . (18) 



We must pay attention at the universal case. What are the functions x? From Eqs. 
( |T0D and (0) one can conclude 



and from © and (|J 



Bx 

p e = — + const, (19) 



1 Bx' 

p m = -;-^r + const - (20) 
cr Bt 

It is useful to compare the definitions p e and J and the fact of an appearance of the 
functions % with the 5-potential formulation of electromagnetic theory [[0|, see also 

7 Ref. MM- 
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., . u -curlB = 0, (22) 



refs. [[T5|, |20[. I suppose, we have to use the names "prana", "ch'i" or "ether" for 
the functions X- 

Finally, I would like to note the following. We can obtain 

divE = 0, (21) 

1 dE 
~~~dt 

divB = 0, (23) 

— + curlE = 0, (24) 
at 

which are just the Maxwell's free-space equations, in the definite choice of the \ 
and x'> namely, in the case when they are constants. In the general case of the 
Weinberg equations or the Tucker-Hammer equations (the latter possess the correct 
dispersion relations as opposed to the Maxwell equations) the electric charge is 
conserved provided that the x is a linear function (decreasing?) of the time. 

Next, if I use electric and magnetic fields as field functions, of course, the ques- 
tion arises on the transformations from one to other frame (in fact, the question 
is: if there is an unique frame for determinations of the electric and magnetic fields 
or not). The answer can be found easily in a consideration of the problem in the 
momentum representation. For the first sight, one could conclude that the Lorentz 
transformations change the values of £ and B under the transfer from one to another 
frame. However, that's wrong! The invariance follows from the possibility of com- 
bining the Lorentz, dual (chiral) and parity transformations in the case of higher 
spin equations^. This possibility has been discovered and investigated in refs. [|[ || . 
The four bispinors u\ (p), u 2 (p), u[ (p) and u 2 ^(p), see Eqs. (10), (11), (12) 
and (13) of ref. f7j, form the complete set (as well as A(p)-u^^(p)), namely 

Cl < (1) (pK (1) (p) + c 2 ^ (1) ( P K (1) ( P )+ 

+ c 3 < (2) (pK {2) (p)+c 4 ^ {2) ( P K {2) ( P ) = ]1. (25) 

The constants q are defined by the choice of the normalization of bispinors. In 
any other frame we are able to obtain the primary wave function by choosing the 
appropriate coefficients of the expansion of the wave function (in fact, by using 
appropriate dual rotations and/or inversions)^ . Of course, the same conclusion is 
valid for negative-energy solutions, since they coincide with the positive-energy ones 
in the case of a j = 1 boson, ref. || [L3| . 



Finally, let me mention that in the nonrelativistic limit c — > oo one obtains the 
dual Levi-Leblond's "Galilean Electrodynamics", ref. |^T], [22]j . 

For the moment I agree with Dr. S. Weinberg who spoke out about Maxwell's 
equations (4.21) and (4.22): "The fact that these (!) field equations are of first order 
for any spin seems to me to be of no great significance. . . " [lb, p. B888]. 

8 The equations for the four functions ip^, Eqs. (8), (10), (18) and (19) of ref. ||, are reduced 
in the equations for the electric and magnetic fields, which are the same for each case in a massless 
limit. 

9 The paper which is devoted to the important experimental consequences of this fact (e. g., the 
Aharonov-Bohm effect and some others.) is in progress. 
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Conclusion^ The Weinberg- Tucker-Hammer massless equations (or the Proca 
equations for F^), see also (£|) and (§), are equivalent to the Maxwell's equations 
in a definite choice of the initial and boundary conditions only. They (Eq. (1) 
for spin j) was shown in refs. 0, |5| to be free from all kinematical acausality as 
opposed to Eqs. (4.21) and (4.22). Therefore, in the case of j = 1 massless particles 
(photons) the Weinberg- Tucker-Hammer equations substitute the old Maxwell's free- 
space equations. Meantime, the old Maxwell's equations preserve their significance 



as a particular case. E. g., in ref. [15] it was mentioned: The solutions of Eqs. 
(4.21,4.22) of ref. [lb] satisfy Eqs. of the form ([|) and (|5p, "but not always vice 
versa. " 

Investigations of Eq. (1) with other initial and boundary conditions (or of the 
functions x) deserve further elaboration (both theoretical and experimental). 
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This Addendum has been thought on September 3-4, 1994 as a result of discus- 
sions at the IFUNAM seminar (Mexico, 2/IX/94). 
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